). Sampling sites showed large differences in cover, conductivity and nutrient contents, as well as some inter-annual differences, resulting from changes in discharge and in human activities. Most environmental variables showed low seasonality, main variations being produced by floods. Solar radiation changed little during 2001 -2002, because of the coincidence of a sunny winter followed by a cloudy summer, and seasonal differences in riparian cover resulted in more sunlight reaching the streambed of closed sites during winter, and small differences at the open ones. The growth and abscission of riparian leaves results in a strong light regime at the closed sites, with more sunlight during winter, but this pattern changes from year to year, depending on the weather. Spatial differences and highest values of periphytic biomass were much lower than those measured in 1990 -91, because of contrasting weather patterns. Variables controlling periphytic biomass in the Agüera change from reach to reach. At open sites flow is the main temporal controller, whereas at closed sites the effects of light availability prevail, thus giving more similar seasonal patterns from year to year. Nutrients seem to play a minor role in temporal variations.
Introduction
Periphytic algae are the main primary producers in many temperate streams. Their abundance is controlled by environmental factors like nutrient content (Biggs 2000) , temperature (Eulin & Le Cohu 1998) , light availability (DeNicola et al. 1992) , grazing pressure (Steinman et al. 1990 ), discharge (Mosisch & Bunn 1997) , and substrate stability (Biggs & Gerbeaux 1993) . Some of these factors (e.g., light and water temperature) show a more or less regular seasonality, whereas others like discharge can change in a more unpredictable way. As a result of the interactions between these and other factors, periphytic biomass can show complex spatial and temporal patterns (Biggs 1995 , Biggs et al. 1998 ). For instance, at open reaches light availability is greater during summer, because of the longer daylight period, whereas at closed reaches under deciduous forest it can be greater during winter (Hill et al. 2001) . Thus, seasonal dynamics of periphyton can differ on a reach basis depending, among others, on the nature and extent of riparian cover.
In flood prone rivers, discharge can control periphyton development, overriding spatial and temporal differences in light or nutrients. Spates are disturbances that slough and reset algal biomass to low values, and periphytic communities can recover more or less, depending on the length of periods between floods and on the light and nutrient levels available during these periods (Elósegui & Pozo 1998) . In torrential systems, periphytic biomass can exhibit large inter-annual variations as a result of differences in rainfall patterns (Uehlinger et al. 1996 , Uehlinger 2000 . Therefore, in order to compare periphyton abundance between streams, it is essential to have an idea of interannual variability in discharge, and of its effects on periphyton. Nevertheless, most papers on periphyton deal with data from only one year, thus making comparisons difficult.
In this paper we describe seasonal patterns of periphyton abundance at 5 sites along the Agüera, a 3rd-order stream, discuss the environmental factors responsible for these patterns, and compare periphytic biomass in three years of contrasting hydrology. Our hypothesis is that differences in flood frequency and timing will result in different patterns of periphytic biomass depending on reach canopy cover.
Study area
The Agüera, a 30-km-long stream between Biscay and Cantabria (northern Spain), drains a 145 km 2 basin ( Fig. 1) , being mount Burgueño (1,044 m a.s.l.) the highest elevation. Lithology is mainly siliceous, except in a central calcareous belt. Climate is humid oceanic with an average annual precipitation of 1500 mm, mainly in form of rain, and regularly distributed throughout the year. Mean monthly temperatures range from 9.8°C in January to 18.5°C in August. Because of its steep, short channels, the Agüera is a flashy stream, and therefore, although annual rainfall is fairly constant, the number of floods, and especially the duration of flood-free periods can change markedly from year to year (Elosegi et al. 2002) .
Population density is low and settlement disperse, the largest villages being Villaverde (pop 426), Trucíos (pop 540) and Guriezo (pop 1715). The main human activities are forestry, livestock farming and agriculture. Large tracts of native deciduous forest remain in the headwaters, whereas most steep areas in the rest of the basin have been planted with exotic eucalyptus or pine. The uplands are covered by unimproved pasture, and the lowlands by meadows and arable land. Most reaches of the Agüera stream are covered by deciduous riparian forests, although their extent and maturity is highly variable (Elósegui & Pozo 1998 , Díez et al. 2001 . New leaves grow in April, and abscission occurs mainly in November.
Physico-chemical characteristics of the water reflect the geology and land-use of different parts of the basin. At the headwaters conductivity and nutrient contents are low, but they increase sharply when the stream runs through Villaverde and Trucíos, in the calcareous part of the basin (Elósegui & Pozo 1994) . Further downstream there is a segment of low nutrient inputs where self-purification causes an improvement in water quality (Elósegui et al. 1995) . Finally, the stream runs through Guriezo, and there urban sewage causes an increase in nutrient content.
Previous studies have shown that during low flow periods the spatial distribution of periphyton is determined by the nutrient content and light availability, whereas temporal variations are mainly controlled by floods (Elósegui & Pozo 1998 , López de Luzuriaga 1995 . In the Agüera stream, discharges below 30m 3 /s measured at the mouth do not affect very much to periphytic biomass, whereas larger floods scour most of it (Elósegui & Pozo 1998) , presumably because this is the threshold for bed-moving spates.
Methods

Site selection
Five sites were selected along the main channel of the Agüera stream (Fig. 1 ge of environmental conditions as possible, and repeating whenever possible the sites of two previous studies, one in 1990-91 (Elósegui & Pozo 1998) , and the other in 1992-93 (López de Luzuriaga 1995). Site 2, at the headwaters, has low nutrient contents and a dense canopy of alder, oak and hazelnut; it was also studied by Elósegui & Pozo (1998) . Site 4, below Villaverde, has higher nutrient concentrations and is covered by a dense riparian forest; site 4 by Elósegui & Pozo (1998) was just a reach adjacent to the present site 4, more open, but it could not be sampled in the present work because of sand and gravel accumulation. Site 5, located below Trucíos, is one of the most open reaches of the main stream axis, and also has high nutrient concentrations. Site 7 has also relatively open canopy, although the banks are covered by forests, and has low nutrient contents; site 9, below Guriezo, was described in previous works as organically polluted, with abundant sewage fungus, and a very dense riparian coverage. Sites 5, 7 and 9 were studied by both Elósegui & Pozo (1998) and López de Luzuriaga (1995) .
Sampling
Periphyton was sampled monthly during one year, from September 2001 to September 2002. A surface of 100 m 2 was delimited in a riffle at each site and ten stones were collected at random. All periphytic material was scraped from an area of 18.85 cm 2 per stone, using scalpels, toothbrushes and Pasteur pipettes, and was stored in plastic containers. Water samples for chemical analysis were also collected. All these were taken to the laboratory in an ice box and frozen until analysis. Additionally, water temperature, pH (pH meter Hanna HI 9025), oxygen concentration (oxymeter WTW OXI 96), and conductivity (conductivimeter WTW LF 90) were measured.
Laboratory procedures
Periphyton samples were homogenised with a domestic blender. One subsample was used to determine ash-free dry mass (AFDM), drying at 105°C for 24 h and ashing at 500°C for 4 h. Another subsample was used to measure periphytic chlorophyll a content spectrophotometrically after extraction in hot ethanol (Sartory & Grobbelaar 1984) . Nitrate, nitrite and ammonia in water were measured with TRAACS 800 auto analyser. Phosphate was measured by the stannous chloride method (APHA, 1992) on a Shimadzu UV-1603 spectrophotometer.
Data analysis
Chlorophyll a and AFDM values at each site and date were compared using two-way ANOVAs and Tukey/Krammer Post Hoc Test. Periphytic growth rates between two consecutive sampling dates were calculated dividing the difference of periphytic biomass or chlorophyll a content by time elapsed.
To determine the environmental factors controlling periphyton in 2001 -2002, we performed multiple Stepwise regressions between periphytic biomass and variables associated to discharge, light and nutrients. Because of contrasting temporal patterns, we performed two multiple regressions, one with the closed reaches (2, 4 and 9) and another with the open ones (5 and 7). Another stepwise multiple regression was performed for all sites, relating periphytic growth, light and nutrient contents only during increase phases. Discharge was daily measured by the Spanish Northern Hydrographical Confederation at their gauging station below Guriezo (site 9). To have an idea of the effect of spates on periphyton, we computed flow indexes following Shortreed and Stockner (1983) , for periods of 30 days prior to sampling dates. It was calculated summing each day's maximum daily flow divided by the respective number of days prior to sampling (∑Fi / i). High flow indexes indicate high discharges occurring close before a given sampling date. Solar radiation was continuously measured by the Spanish Meteorological Institute at San Sebastian. To have an estimate of the radiation reaching the stream during the periods between sampling dates, we corrected these data taking in account canopy cover at each site. This was measured taking several vertical photographs at each sampling site with a wide-angle lens, scanning the photographs, increasing their contrast to get black (covered) and white (uncovered sky) images, and analysing these images with NIH 1.55 software. Radiation data were so corrected for cover values taken in February (winter cover, from December to March) and early October (summer cover, from April to November).
Lack of data made impossible to repeat this kind of analyses to compare inter-annual variations: in 1990-91 there were no data on light availability, and in 1992 -93 we lacked data on water chemistry. We did analyse daily discharges from 1990 to 2002 (number of spates, annual average flow, length of low flow periods) and calculated predictability, constancy and contingency of peak floods (Colwell 1974) to measure inter-annual variability of the discharge regime. Predictability is greatest when the same monthly pattern is repeated in all years; constancy is greatest when the stage is the same for all months and contingency greatest when the stage is different for each month but the pattern is the same for all years. Differences in flow regime between 1990 -1991, 1992 -1993 2002 were assessed comparing flow indexes with Student's Paired t Test. Inter-annual variations of periphyton biomass were studied comparing periphytic biomass values of 1990 -1991 (Elósegui & Pozo 1998 ), 1992 -1993 (López de Luzuriaga 1995 -2002 at sites 5, 7 and 9, using one-way ANOVA and the Tukey/Krammer Post Hoc Test.
Results
Environmental variables
Water characteristics showed marked spatial differences (Table 1) . Average pH ranged from 7.4 at site 2 to 7.8 at sites 5 and 7, where values over 8 were common. Conductivity was lowest at site 2 (average 146 µS/cm), and averaged over 200 -240 µS/cm at the rest of sites. Nutrients also showed broad spatial differences. Site 2 was the most oligotrophic one, with average total nitrogen concentrations of 488 µg N/l and phosphate concentrations of 11 µ g P/l. Nutrient concentrations increased at site 4, (872 µ g N/l and 69 µg P/l), and peaked at site 5 (1237 µg N/l and 82 µg P/l). There was a marked decrease downstream from Trucíos, although phosphate averaged somewhat higher values at site 9 than at site 7 (37 vs 22 µg P/l, respectively).
Canopy cover varied markedly between sites and between seasons (Table 1) . The most closed sites were 9, 4 and 2, with a canopy cover of 55%, 53% and 56% respectively in winter, and 81%, 82% and 70% in summer. The most open sites were 7 (24% in winter 36% in summer) and 5 (16 and 48%). These differences in canopy cover, combined with changes in day length and weather, resulted in large differences in radiation reaching the stream bed. Clear weather was prevalent during much of the winter, whereas the summer was very cloudy. Therefore, despite longer days in summer total daily radiation averaged 4724 kJ/m 2 during winter (December to March) a value very close to the 4824 kJ/m 2 registered for summer (April to November). These differences were increased by the canopy cover, and for all sites the daily radiation estimated to reach the stream bed was lower during summer than during winter (Student t test, p < 0.05), differences being greatest at sites 4 and 9 (Table 1) .
Discharge was very low from September to October 2001 (Fig. 2) ; from November on, some small flow rises below the bed-moving threshold (30 m 3 /s) were registered. A flood of 61.69 m 3 /s occurred in early May, followed by 3 months of low discharge, and a large spate over 90 m 3 /s occurred at the end of August.
Seasonal periphyton dynamics
Periphytic AFDM showed strong spatial and temporal changes (Fig. 2) . At site 2, low values (2.1 -19.5 g/m 2 ) were registered throughout the study period. At sites 4 and 9 maxima were registered in March (up to 33.9 g/m 2 and 36 g/m 2 respectively), in absence of leaves, and summer values were lower (3.7 -6.6 g/m 2 at site 4 and 4.7 -17.2 g/m 2 at site 9). At the open reaches, 5 and 7, a peak of periphytic biomass occurred in October 2001 (26.1 g/m 2 and 40.0 g/m 2 respectively) but lower values were found in November; during winter there was an increase of periphytic biomass, more sustained at site 7, and another peak was reached in March 2002 (43.1 g/m 2 at site 5 and 25.5 g/m 2 at site 7); in April biomass decreased again although discharge was low, and values below 5 g/m 2 were registered after the spate of May; in summer periphytic biomass peaked in July (50.7 g/m 2 at site 5, 35.4 g/m 2 at site 7), but decreased to values below 4 g/m 2 with the flood of late August.
Differences in periphytic biomass were significant for both date and site, as well as for date x site interaction (two-way ANOVA on log-transformed data, Table  2 ). Biomass was significantly lower at site 2 than at site 4, and at this site significantly lower than at sites 9, 5 and 7. Stepwise regressions between periphytic biomass and environmental variables of the closed sites did not include any of the environmental factors in the model. Stepwise regressions of the open sites included flow index as significant factor, but excluded radiation and N and P concentrations (Table 3) .
Periphytic chlorophyll a contents also showed important differences between sites (Fig. 3) . These differences were similar to those occurring with AFDM, but winter maxima occurred in general earlier and were in general higher. Values were always low at site 2 (0.001 -28.049 mg/m 2 ), peaked during winter at sites 4 and 9 (116.2 -294.9 mg/m 2 respectively), and at sites 5 and 7 peaks were registered both in winter and summer (201.9 mg/m 2 and 196.9 mg/m 2 respectively for winter, 181.7 mg/m 2 and 158.6 mg/m 2 for summer).
Stepwise regressions of the closed sites showed chlorophyll a to be controlled mainly by solar radiation, as flow index and nutrient contents were rejected from the model. In the open sites flow index and radiation were included, but the model rejected nutrient content (Table 3) .
Periphytic growth-rate at the open sites (in terms of both biomass and chlorophyll a) was limited by the flow index, as shown by stepwise regressions. At the closed sites no one of the environmental variables was included. During increase phases AFDM growth was positively related to phosphate content (Table 3) . AFDM growth peaked in September-October at site 7 (0.37 g/m 2 d) and in February -March at the rest of sites, being larger at sites 4 and 5 (0.95 g/m 2 d, 1.03 g/m 2 d) (Fig. 4) . At the open sites growth also pea- Table 5 ). Average periphytic biomass at the open sites showed large inter-annual differences (14.1 -64.7 g/m 2 at site 5, 16.6 -44.6 g/m 2 at site 7), and was significantly higher in 1990 -1991 than in 1992 -1993 -2002 ), whereas at the closed site 9 inter annual differences were smaller (13.2 -20.8 g/m 2 ) and not statistically significant (Fig. 5) . Chlorophyll a also showed larger inter-annual differences at the open (98.2 to 329.7 mg/m 2 at site 5, 86.2 to 223.4 mg/m 2 at site 7) than at the closed sites (85.7 to 103.0 mg/m 2 at site 9). Differences were statistically significant between 1990 -1991 and 1992 -1993 at site 5, and between 1990 -1991 -2002 . No significant differences occurred at site 9. The differences at open reaches followed flow regime. In 1990 no spate occurred from late April to late November, whereas spates were frequent during the other two studies, especially during 1992 - At site 9 the effect of discharge on periphyton was low, and the only temporal difference detected was a small increase in biomass following leaf abscission.
Discussion
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tions in the Agüera stream. Previous work (López de Luzuriaga 1995 , Elósegui & Pozo 1998 suggested that spatial differences depended mainly on canopy cover, nutrient content and substrate stability, whereas spates were the main source of temporal variations, seasonality being low. The present study allows us to measure more precisely the importance of some environmental variables, and to put seasonal variations in a wider inter-annual context. Four out of the present study's 5 sites were also studied in 1990 -91 by Elósegui & Pozo (1998) , and the other (site 4) was a reach just downstream from their site 4. Only our 3 downstream sites coincide with the work of López de Luzuriaga (1995) , carried out during 1992 -93. Despite the coincidence of sites and the agreement in the main trends detected, there were also interesting differences in the physico-chemical characteristics of the studied reaches. Compared to Elósegui & Pozo (1998) , our pH values showed lower averages, and especially lower peak values. For instance, in 1990 -91 pH values up to 9.80 occurred at site 5, and up to 9.50 at site 7, whereas during 2001 -02 maxima were 8. 45 and 8.15 respectively. This is a remarkable difference, especially because human activities around sites 5 and 7 remain fairly unchanged. Thus, the difference seems to reflect the lower discharges and much longer flood-free periods, that allowed for a great development of periphyton at sites 5 and 7 (Elósegui & Pozo 1998) , whose strong photosynthetic activity resulted in diel pH variations of up to two units (Elósegui & Pozo 1994) . Lower periphytic activity seems also responsible for the higher nitrogen concentrations (especially higher summer maxima) measured at sites 5 and 7 in the present study, as during 1990 -91 periphyton in the Agüera mid-reaches showed an extremely high capacity to retain nutrients (Elósegui et al. 1995) . Phosphate concentrations were less different between the present study and Elósegui & Pozo (1998) , with the exception of the marked decrease at site 9, probably because the improving of sewage systems in Guriezo during the last years. Another remarkable difference is a decrease in canopy cover at site 2 (from 86.7 to 70.1 %), as a result of the harvest of a forest beyond the riparian area, and the marked increase in cover (from 8.5 to 48 %) at site 5, due to the growth of the small riparian trees.
The mild, oceanic climate of the study area results in low seasonality of the phyisico-chemical characteristics of stream water, temporal variations being mainly produced by floods (Elósegui et al. 1997 ) that can occur at any season of the year (Elosegi et al. 2002) . On the other hand, radiation could be an important source of seasonality for periphyton, because it changes throughout the year with day length and sun height over the horizon (Strahler & Strahler 1991) . Nevertheless, the seasonality of solar radiation is far from clear. During the present study, a sunny winter and a cloudy summer resulted in very similar average daily radiation during these seasons, and the large differences in riparian cover at sites 4 and 9 (closed canopy but unconstrained channel) resulted in much more sunlight reaching the streambed during winter. Differences were much reduced at the open sites and at site 2, where cover does not change very much during the year because of topographic constraints. On the other hand, during the 2000 -01 season summer radiation averaged 2.6 times higher than winter values (unpublished data), thus resulting in significantly higher summer radiation at sites 2, 5 and 7, and non-significant differences at sites 4 and 9. Thus, the growth and abscission of leaves marks strong seasonality of essential resources for periphyton at some reaches but not at some others, but this pattern can change from year to year in function of weather. Periphytic biomass will likely show larger differences between open and closed reaches in years with sunny summers and cloudy winters. Spatial differences of periphytic biomass at the present study were much lower than those measured by Elósegui & Pozo (1998 ) in 1990 , but the main spatial patterns were consistent: values were lowest at site 2 and highest at sites 5 and 7. Seasonal differences were low, but the same patterns were also discernable: low periphytic biomass at site 2 throughout the year, winter maxima at site 9, and multiple peaks throughout the year (both summer and winter) at sites 5 and 7.
Many papers dealt with the environmental factors controlling the abundance of stream periphyton. Some stress the effect of flood size and frequency (Mosisch & Bunn 1997 , Uehlinger 1991 , some others light availability (DeNicola et al. 1992 , Hill et al. 1995 , nutrients (Biggs 1995 (Biggs , 2000 , substrate stability (Biggs & Gerbeaux 1993) or grazing intensity (Kjeldsen 1996 , Rosemond et al. 2000 . Obviously, adequate substrate, light and nutrients are important resources for periphyton, and both floods and grazers can decrease periphytic abundance, but the most relevant factors will likely depend on the studied system as well as on the spatial and temporal scale of the study.
As expression of temporal variability, floods are important disturbances for periphyton, as they scour and reset algal biomass to very low values (Mosisch & Bunn 1997) . Therefore, flood-prone streams usually have low periphytic biomass (Uehlinger et al. 1996) . Nevertheless, the effect of floods on periphyton can be modulated by substrate stability, communities on fine substrata being most affected. Elósegui & Pozo (1998) showed that floods over 30 m 3 /s scoured most periphyton along the Agüera stream, and that communities at site 7 seemed to have greater resistance against floods below 30 m 3 /s. During 2001 -2002, three floods around 20 m 3 /s occurred in winter, but their effect on periphyton was almost nil. Therefore, although the effect of large floods on periphytic biomass seems clear, the effect of smaller floods can change, probably depending on the growth-form of the dominant algae (Grimm & Fisher 1989 , Peterson 1996a . Encrusting and prostrate algae are more resistant than filamentous ones, especially more than diatom filaments (Biggs & Thomsen 1995 , Peterson & Stevenson 1990 ). After winter flows unicellular diatoms dominated, although filamentous diatoms (Melosira varians C. Agardh) also were abundant (unpublished data). Our sampling dates of winter were 7 -9 days after floods. Unicellular diatoms are resistant to most flows, even their growth is stimulated by current increases (Stevenson 1990) . Apparently, at least propagules of filamentous diatoms remained also.
Not all drops of periphytic biomass are caused by floods. In the present study a large decrease of periphyton was detected at the end of April, in absence of any high discharge, and Elósegui & Pozo (1998) detected a similar decrease in October 19991. In neither case were snails nor other grazers particularly abundant in the stream, and thus, Elósegui & Pozo (1998) suggested that this drop was caused by the disappearance of summer species and the slower appearance of winter species, as has been reported for other streams (Necchi et al. 1991) . A similar change in the community structure could be the responsible of the April drop in periphyton detected in the present study (Acs & Kiss 1993) . April and October are periods of quick changes in stream ambient conditions (especially light and temperature), which under baseflows could drive shifts on periphytic communities. In the Agüera, coinciding with the biomass decrease at the end of April, most unicellular diatoms disappeared and unicellular and parenchimatous greens appeared (unpublished data).
Algal scouring, whatever its cause, produces free space to colonize, and provided that essential re-sources are available, promotes periphytic growth (Peterson 1996b) . Usually growth is fastest in open, nutrient-rich reaches (Rosemond 1993 , Biggs & Close 1989 and in 1990 -91 very high stream metabolism and periphytic growth were measured (Elósegui & Pozo 1998) . In this study we observed that AFDM growth was significantly correlated with phosphate content during increase phases. The highest daily increase of periphytic AFDM during the present study (1.73 g/m 2 d) was detected at site 5 in summer, and was well below the 3.71 g/m 2 d reported by Elósegui & Pozo (1998) for June, thus showing that environmental conditions for periphyton were in general poorer during 2001 -02. As nutrient and substrate characteristics remained much unchanged, we suspect that clouded skies were responsible for this relatively low productivity.
Stepwise regressions between environmental variables and periphyton showed differences for open and closed reaches. At open sites, flow was determinant of the periphyton dynamics, while light availability was more relevant at the closed sites. Thus, the main factors responsible for periphytic abundance differed depending on canopy cover, reflecting the fact that seasonal variations in light availability depend on riparian cover (Hill et al. 2001) , and that at closed sites this could override the effect of floods. A similar result was reported by Robinson & Minshall (1986) who studied the effects of disturbance frequency on periphyton in Mink Creek (Idaho). At sites with closed canopy no disturbance effect was apparent, whereas at open canopy sites periphytic standing crop increased significantly as disturbance frequency decreased. It is remarkable that no nutrient-related variable entered our models, thus suggesting that periphyton in the Agüera stream is more often limited by light than by nutrient availability.
From a longer temporal perspective, our data show large inter-annual variations in periphytic biomass. The narrow, steep basin and the short channels of the Agüera stream interact with the rainy weather to produce a torrential discharge regime, with spates occurring at any time of the year, although less frequently during summer (Elosegi et al. 2002) . This makes flood predictability and seasonality low. Furthermore, some years many bed-moving spates occur, whereas some others register no spate at all, and thus, monthly peak discharge shows low constancy and contingency. In flood-prone streams the seasonality of periphytic biomass is truncated (Biggs & Close 1989 , Fisher and Grimm 1988 , Uehlinger et al. 1996 , as periphytic growth depends mainly on discharge. Inter annual patterns may vary distinctly. Uehlinger (2000) , using a dynamic model, showed that in a river with a flashy flow regime, annual biomass patterns were extremely variable and not predictable. However, over the longterm (more than one annual cycle) biomass was relatively constant. In the Agüera stream biomass seems not so constant, probably because in flood-free years nutrient levels allow for very high abundance of periphyton.
In the Agüera stream, abundance of floods during the year controls the periphytic development at open sites, but less so at closed ones. Thereby, periphytic abundance showed high inter-annual changes. At the open sites 5 and 7, periphyton was much more abundant in 1990 -1991 than in either 1992 -1993 or 2001 -2002 , reflecting the absence of bed-moving spates during 1990 -1991. Meantime, at the closed site 9 the inter-annual differences in flood frequency did not affect periphyton abundance, and there canopy cover defined a marked seasonal pattern that changed much less inter-annually. Furthermore, high-and lowbiomass years do not coincide at open and closed reaches, thus stressing their different behaviour.
In summary, periphyton dynamics are different depending on canopy cover. At the open canopy sites spates determine the temporal periphytic patterns, and in torrential systems like the Agüera inter-annual variations of periphytic abundance are large and unpredictable, and depending on the hydrologic regime spatial variations between sites also change. On the other hand, at the closed sites the phenology of the riparian deciduous forest controls periphyton abundance, overriding the effect of other factors. Therefore, studies on periphyton should take in account inter-annual variability, especially where high periphytic abundance can be expected, i.e., at sites with high availability of light and nutrients.
